Previous studies have noted a high (41%) prevalence and poor discharge summary communication of pending laboratory (lab) tests at the time of hospital discharge for general medical patients. However, the prevalence and communication of pending labs within a high-risk population, specifically those patients discharged to sub-acute care (i.e., skilled nursing, rehabilitation, long-term care), remains unknown. OBJECTIVE: To determine the prevalence and nature of lab tests pending at hospital discharge and their inclusion within hospital discharge summaries, for common sub-acute care populations. DESIGN: Retrospective cohort study. PARTICIPANTS: Stroke, hip fracture, and cancer patients discharged from a single large academic medical center to sub-acute care, 2003-2005 (N=564) MAIN MEASURES: Pending lab tests were abstracted from the laboratory information system (LIS) and from each patient's discharge summary, then grouped into 14 categories and compared. Microbiology tests were subdivided by culture type and number of days pending prior to discharge. KEY RESULTS: Of sub-acute care patients, 32% (181/ 564) were discharged with pending lab tests per the LIS; however, only 11% (20/181) of discharge summaries documented these. Patients most often left the hospital with pending microbiology tests (83% [150/181]), particularly blood and urine cultures, and reference lab tests (17% [30/181]). However, 82% (61/74) of patients' pending urine cultures did not have 24-hour preliminary results, and 19% (13/70) of patients' pending blood cultures did not have 48-hour preliminary results available at the time of hospital discharge. CONCLUSIONS: Approximately one-third of the subacute care patients in this study had labs pending at discharge, but few were documented within hospital discharge summaries. Even after considering the availability of preliminary microbiology results, these omissions remain common. Future studies should focus on improving the communication of pending lab tests at discharge and evaluating the impact that this improved communication has on patient outcomes.
INTRODUCTION
Clinical laboratory (lab) tests are an essential part of medical care, guiding approximately 70% of medical decisions 1 . A lab test that was ordered during hospitalization for which the result has not returned prior to patient discharge is known as a pending lab test. General medical patients frequently (41%) leave the hospital with pending lab tests 2 . As many as 9.4% of these pending lab test results are abnormal and would change the patient's care 2 . Despite the high number of pending lab tests at hospital discharge for general medical patients, these tests are often omitted from the hospital discharge summary 3 , the only document mandated by The Joint Commission to convey the patient's care plan to the next setting of care 4, 5 . High quality complete discharge communication is especially critical for the highly vulnerable sub-acute care (skilled nursing, rehabilitation, long-term care facility) population 6, 7 , the largest categories of whom have primary diagnoses of hip fracture and stroke 8, 9 . These individuals are often unable to advocate for themselves and have complex medical problems that need to be followed closely 10 . These patients may have more lab tests performed because of their complex medical problems, and more dire consequences if abnormal results are not addressed. Sub-acute care populations have not been specifically examined in previous studies of the prevalence and communication of pending labs. Because of the high potential risk for negative consequences, it is critical to examine whether sub-acute care populations experience similar pending lab and discharge summary communication rates as those of previously examined general medical populations. In addition, previous studies have not addressed the clinical reality that preliminary microbiology culture results are often available with which clinical decisions may be made. Generally, significant microbes from blood cultures are detected within 48 hours of collection, with negative cultures allowed to incubate for 5 days [11] [12] [13] [14] . Significant microbes from urine cultures are usually detected within 24 hours of collection, with negative cultures allowed to incubate for 3 days 12 .
Because microbiology cultures are the most prevalent type of pending lab test in the general medical population 2 and previous studies made no assessment of the availability of preliminary culture results, these studies may have overestimated the prevalence of clinically important pending lab tests. The objectives of this study were to determine the frequency and nature of pending labs for adults discharged to sub-acute care, and to examine how often these pending labs were included in the hospital discharge summary. A secondary objective was to identify and determine the frequency of preliminarily available microbiology culture results for this population.
METHODS

Study Sample
We identified all hospitalized patients from a single large academic medical center who were >18 years old, had a primary diagnosis of stroke, pelvis/hip/femur fracture, or cancer, and were discharged to a sub-acute care facility in 2003, 2004, or 2005 . These diagnostic groups were chosen to represent some of the most common primary diagnoses in subacute care patients 8, 9 . We used the International Classification of Diseases, 9 th edition (ICD-9) diagnosis code in the first position on the acute hospitalization discharge diagnosis list to establish primary diagnoses. ICD-9 codes 431, 432, 434, and 436 were used to identify stroke; 805.6, 805.7, 806.6, 806.7, 808, and 820 were used to identify pelvis/hip/femur fracture (hereafter called "hip fracture"); and 153, 153.0-153.9, 154, 154.1 (colon and rectal), 162, 162.0-162.9 (lung), 174, 174.0-174.9 (female breast), 185, and 185.0-185.9 (prostate) were used to identify cancer. Administrative data compiled for all study patients prior to discharge were used to identify discharges to sub-acute care facilities (skilled nursing, rehabilitation, or long-term care facility). On internal testing, >95% reliability of this discharge field was noted. Hospital administrative data was used to obtain discharge year, patient gender, and patient age. Prior to exclusions, the initial sample size was 612. Five patients were excluded because they did not have a discharge summary; 10 because they were discharged to hospice or comfort care; 19 because their discharge summary did not reflect a diagnosis of stroke, hip fracture, or cancer; 2 were <18 years old; and 12 because their discharge summary did not reflect discharge to a sub-acute care facility, for a final sample of 564. Patients discharged to hospice or comfort care were excluded because there was not a curative focus for their care and few diagnostic tests were ordered. For the 12 patients who had two eligible hospital stays during the study period, each discharge summary was treated individually.
At the study hospital during the period of interest, the majority (>90%) of discharge summaries were dictated by residents in various stages of training using information obtained from both a paper medical record and an electronic laboratory reporting system. Medical transcriptionists transcribed the dictation to an electronic document, which was then reviewed and edited by the resident, and sent for final review, editing, and approval by the attending physician. No standardized templates were in general use for creation of discharge summaries and no prompts for inclusion of pending labs were present. No other formalized physician communication (phone, fax, etc.) took place between the study hospital's physician teams and the sub-acute care facilities. However, a verbal, undocumented, non-standardized nurse-to-nurse handoff may have occurred. The Institutional Review Board at the University of Wisconsin approved this study with a waiver of consent.
Identification of Pending Lab Tests
The Laboratory Information System (LIS) is a computer software system that allows for tracking of clinical lab specimens from the time of order to the time of result reporting 15 .
The LIS includes information on specific lab tests requested; the date specimens were received in the lab, date results were reported, lab test results and category, and ordering provider. LIS data were obtained on each study patient to allow for the identification of pending lab tests. A test was considered pending if ordered during the patient's hospitalization and the result returned on or after the first posthospital calendar day. This conservative definition did not capture those test results that returned on the same calendar day that the patient was discharged, but after the patient had actually left the hospital. However, this definition ensured that all tests labeled as pending truly were pending at discharge. Preliminary culture results were considered available if >48 hours for blood cultures or >24 hours for urine cultures had passed between culture order and hospital discharge. Lab test categories included: hematology, coagulation, chemistry, urinalysis, endocrinology, flow cytometry, toxicology, immunology, molecular diagnostics, reference lab testing, transfusion, histocompatibility, microbiology, and other 16 . These categories are generally accepted in clinical lab practice, and are used by the study hospital's lab. Representative lab tests within each category are shown in Appendix 1. Because pending microbiology cultures were so prevalent, we differentiated these into distinct types: urine, blood, fungal, wound, sputum, spinal fluid, surveillance, and joint fluid. For the purposes of this study, we excluded other diagnostic tests such as cytology, pathology, radiographic, and computed tomography because their results are managed by separate electronic or paper systems and not included in the LIS.
Abstraction and Coding Process
Hospital Discharge Summaries. Three trained medical abstractors, using standardized abstraction protocols, forms, and manuals, separately reviewed all (N = 564) sample discharge summaries for page length, hospital service, and the presence or absence of notation of pending lab tests. Interrater agreement was good; Cohen's phi for abstractor reliability was 0.7 for the presence/absence of pending lab tests. All pending lab tests noted within discharge summaries were abstracted verbatim into electronic abstraction forms, categorized into 1 of 14 lab test categories (Appendix 1) using a standardized protocol, and entered into an electronic database. The discharge summary abstractors were blinded to the contents of the LIS data.
Laboratory Data. One trained medical abstractor, using standardized abstraction protocols, forms, and manuals, reviewed all LIS data for the presence or absence of pending lab tests. Eleven percent of randomly selected LIS data was reabstracted by a second trained abstractor. Cohen's phi for abstractor reliability was 0.9 for the presence/absence of pending lab tests, and kappa was 0.9 for number of pending lab tests per patient. All pending lab tests noted within LIS data were abstracted verbatim onto paper abstraction forms, categorized into 1 of 14 lab test categories (Appendix 1) using the same standardized protocol as above, and entered into an electronic database.
Data Linkage. Abstracted LIS data were linked to the abstracted discharge summary components and patient factors, such as gender and diagnosis, via the unique combination of the patient's medical record number and date of hospital discharge. The linkage was accomplished using SAS version 9.1 17 .
Analysis
First, we calculated the prevalence of pending lab tests and preliminary microbiology culture results within LIS data and the prevalence of pending lab test documentation within sample discharge summaries. Next, for each patient with a pending lab test in the LIS data, we compared the pending lab test category with that obtained from the patient's discharge summary. The LIS data were utilized as the "gold standard." Discharge summary omissions of specific pending lab test categories were recorded for each patient. Omission frequencies were calculated for each lab test category, with patients assembled into groupings of "no pending lab test categories omitted" or "pending lab test categories omitted." Thirteen patients with >1 pending lab and whose discharge summary noted some but not all of those pending labs were included in the "pending lab test categories omitted" category because of their exposure to an omission of at least some potentially important pending lab data within the discharge summary. Preliminary microbiology cultures contained in the LIS data were also recorded and assessed for each patient. Analyses were performed using SAS version 9.1 17 and STATA version 11 18 .
RESULTS
Patient and Discharge Summary Characteristics
Of the 564 eligible patients within this study, 213 (38%) had a primary diagnosis of stroke, 308 (55%) had a primary diagnosis of hip fracture, and 43 (7%) had a primary diagnosis of cancer ( 
Prevalence of Pending Laboratory Tests
Pending labs were common at the time of hospital discharge within this patient sample. Of the 564 patients in this study, 181 (32%) were discharged with pending laboratory tests ( Table 1) . Hip fracture patients were the most often discharged with pending labs (35%), followed by stroke patients (29%) and cancer patients (23% 
Omission of Pending Laboratory Tests in Discharge Summaries
Pending labs were frequently omitted from patient discharge summaries (Table 3) . Overall, pending labs identified by the LIS were omitted from 89% of discharge summaries. For the two most common categories of pending lab tests, microbiology and reference lab testing, the omission frequencies were 95% and 93%, respectively. Microbiology cultures without preliminarily available results were also omitted from discharge summaries frequently; 98% for urine cultures and 77% for blood cultures. For the remainder of the lab test categories, absolute numbers of tests were low, but omission rates remained high.
DISCUSSION
Within the sub-acute care population studied, 32% of all patients had pending lab tests, and the vast majority of these were omitted from hospital discharge summaries. Microbiology cultures were the most common type of lab pending at the time of hospital discharge, and many of these did not have preliminary results available by the day of patient discharge. The majority (82%) of these pending cultures without preliminarily available results were urine cultures. Similar to previous studies of general medical populations 2, 3 , our study provides evidence that pending lab tests in sub-acute care populations are common at the time of discharge, but are frequently omitted in written discharge communications. The sub-acute care population, in particular, is high risk. Complicated transitions (i.e., a visit to the emergency department or a re-admission to the hospital within 30 days of discharge) occur frequently in this population 7 . Furthermore, these patients are often unable to advocate for themselves (as co-morbid dementia is common) 19, 20 , and are heavily reliant on good discharge summary communication for a smooth transition to a subacute care facility 6, 7 . If key information regarding pending lab tests is left out of the discharge summary, important follow-up of critical lab results may not occur, possibly leading to medical errors and patient harm, with increased risk of re-admission. This study is the first to look closely at preliminarily available microbiology results. Preliminary culture results are available to clinicians in the LIS, and clinical decisions may be made based upon preliminary results. However, even taking this into consideration, discharge summary omissions of pending microbiology tests remain high. After excluding cultures for which preliminary results were available, 24-hour urine culture results were not available for 82% of patients with pending urine cultures and 48-hour blood culture results were not available for 19% of patients with pending blood cultures at the time of hospital discharge.
Hip fracture patients are at increased risk of re-hospitalization within 30 days for complications such as wound infection, septicemia, and pneumonia 21 . Among acute stroke patients discharged to sub-acute care, 20% either return to the emergency department or are re-hospitalized during the first 30 days following discharge, and 19-25% of these returns are due to infections such as aspiration pneumonia and urosepsis 7 . The high prevalence of poorly communicated pending labs for vulnerable sub-acute care patients found in this study, especially urine and blood cultures, raises significant patient safety concerns given the present poor state of discharge communication 5 . Further study is needed to determine the impact that Our approach has some limitations. We used a very conservative definition for "pending" (lab tests which returned on or after the first post-discharge day), and there were likely instances where laboratory test results came back later in the same day that a patient was discharged. Our approach would not have labeled these tests as pending and may have resulted in underestimation of the problem of pending labs at discharge.
We did not assess whether the results of the pending lab tests were actionable, i.e., would have changed patient management, as some others have done 2, 3 . However, our unique focus on preliminarily available microbiology results strengthens the argument that pending labs are clinically significant. We recognize that preliminarily available microbiology results can be incomplete, yet we included them because preliminary lab results are widely utilized to inform clinical decision-making [22] [23] [24] .
In our study, we did not specifically assess whether physicians were aware of the pending lab test. We also did not assess whether a separate communication (such as a phone call or fax) relayed the pending lab test to the subacute care facility. However, previous studies have shown that physicians are often displeased with their lab test results management system 25 , and that separate physician-to-facility communication rarely occurs [26] [27] [28] . As such, we suspect that only a small proportion, if any, of the pending labs were communicated outside the standard discharge summary channels. The use of data from a single, large, academic teaching hospital may limit the generalizability of these results. In contrast to smaller hospitals, clinical laboratories at large, academic teaching hospitals have sophisticated lab testing capabilities and infrequently need to send out tests for processing. The number and category of lab tests pending at the time of discharge, and pending lab test omissions from the discharge summary may be different at smaller hospitals due to the differences in clinical laboratory size and testing availability. Therefore, our study of an academic center may underestimate the prevalence of pending labs at smaller hospital facilities with fewer resources.
Many opportunities exist to improve the communication of pending lab tests to the next setting of care. For example, automated laboratory systems such as the LIS may become an important tool for improving communication of pending lab tests at hospital discharge because it captures lab tests that are truly "collected and pending." This makes it ideal for automating their inclusion in the discharge summary, the only mandated communication directed to the next provider of care 5 . Another opportunity pertains to the designation of the party responsible for the follow-up of pending labs. Hospital policies generally do not explicitly state who is responsible for following up on a pending lab test-the ordering hospital-based provider or the provider caring for the patient post-discharge 29 . Most often, these are two different people 6 . A formal designation of this responsibility may be important to ensure prompt attention to lab results which return after the patient's discharge and to maximize timely and appropriate post-hospital patient care.
Findings from this study and others could be used to design targeted interventions to improve the communication of pending lab tests at discharge. Identifying patients with complex medical problems being discharged to sub-acute care facilities could subsequently trigger a more comprehensive discharge and care transition procedure. This might involve a dedicated professional (such as a geriatric nurse practitioner) managing the discharge process and personally communicating key information, including pending lab tests, to the next setting of care.
In conclusion, this study's findings highlight an important shortcoming in discharge summary communication which may adversely affect sub-acute patient care. Future studies should focus on improving the communication of pending lab tests at discharge, and evaluating the impact that this improved communication has on patient outcomes. Table 4 shows categories and representative examples of laboratory tests 
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